this procedure are cosmetic and functional recovery such as reconstitution of physiological barriers in all cases, the surgical technique and materials used in cranioplasty procedures vary depending on the etiology, concomitant diseases, size and location of the defect and age of the patient (6, 11, 15) . Good █ INTRODUCTION R econstruction of the calvarial bone defects by placing various implant materials either autograft or allograft has been a commonly practiced surgical procedure since ancient civilizations (2,18). Although the purposes of AIm: To report our clinical experience, surgical treatment algorithm and technique in the reconstruction of uncomplicated and small-size calvarial defects by performing autologous split-bone grafting technique on anatomical findings and patients' outcome.
surgical results and patient outcome could only be achieved by the selection and use of appropriate material after taking into account these large number of variables under correctly applied surgical technique.
Physical strength, constructional stability and rigidity in the defective area, and the presence of tissue reaction due to biocompatibility of the chosen material are the other significant factors in selecting the appropriate graft type (4, 14, 17) . In addition to all these factors, autografts are preferred in the selection of graft in pediatric patients to prevent potential deformity due to the incomplete and continuing skull development (13) .
This study describes a well-known cranioplasty technique involving our experience with various indications for small size and uncomplicated cranial defects in the pediatric age group at Ankara University, Ibn-i Sina Hospital. While this technique is widely performed and well known for the reconstruction of skull defects of different sizes depending on many pathologies and named as "autologous split-calvarial bone graft technique" according to its appearance after reconstruction of small size defects, we proposed to name it as "8 cranioplasty" in our article. Furthermore, taking into account scalp retraction, size of surgical working area and cosmetic concerns, we also explained a new preoperative surgical algorithm determining the shape and location of appropriate skin incision considering the cranioplasty region and the etiology, from which side of the calvarial defect cranitomy the bone graft should be performed and the horizontal splitting technique. We have designed our algorithm on these basic issues and also each surgical step is focused on and explained in detail. In the light of our experience, combining with data obtained from radiological imaging findings and intraoperative observations, we created the final state of surgical principles of the eight cranioplasty technique.
█ mATERIAl and mEThODS

Patients and Diagnosis
We reviewed the hospital records of patients who underwent cranioplasty with autologous split calvarium bone graft at the Ankara University, Ibn-i Sina Hospital between 2005 and 2013. We assessed 36 patients (22 boys, 14 girls) aged between 28 and 125 months (mean 68.75 months). Of the 36 calvarial defects, 15 were located in the frontal bone, 12 were in the parietal bone, 8 were in the occipital bone and 1 was in the temporal bone.
Patients' complaints are in a wide range from a palpable and growing mass and localized pain to softness, edema and depression feeling on the skull. X-ray is usually sufficient for pre-diagnosis ( Figure 1A) . Radiolucency of the pathologic zone may give hints about the lesion. Computed tomography (CT) findings are more valuable in terms of the presence of destruction of skull, expansion and invasion features of the lesion ( Figures 1B, C) . Although CT sections or axial ( Figure  1D ), sagittal and coronal magnetic resonance imaging (MRI) are helpful and effective in the diagnosis of the lesion, the threedimensional view of the skull following the reconstruction of these images provides an additional surgical perspective and contribution for planning the procedure ( Figure 1E ). In some cases where it is not possible to show the lesion on CT images especially in the parenchyma window ( Figure 1C ) due to its insufficiency, MRI is also preferable and more advantageous to demonstrate the pathology or in other situations whether the brain parenchyma is affected or not.
The defective calvarial zone without bone in consequence of surgically resected pathology or the pathology itself (fracture) was measured between 3.8 to 7.5 centimetersquare (median area 4.2 centimetersquare) by using free computer software (OsiriX Medical Imaging Software) on CT images ( Figure  2 ). Autologous bone graft was obtained from horizontallysplit calvarial bone adjacent to the skull defect. All of our cranioplasty procedures, comprising the resection of the pathology until secure bone tissue was seen and coverage of the calvarial defect with autologous split bone graft, were performed in a single session. Follow-up periods of these patients were a minimum 14 months and at the end of the second-year the patients' follow-ups were ended. In this period of time, all the patients were evaluated in terms of wound healing, cosmetic results, strength and rigidity of grafts. Strength of the graft was used for describing the solidity and resistance of the split bones and the rigidity synonym for stability was used for describing the mobility of the bones in their settled surgical area. These two terms express constructional integrity and were evaluated radiographically and by palpation during physical examination. In the followup periods of our patients, we kept our physical examination findings in the forefront according to the radiological images. Due to the radiation exposure, we did not prefer to follow all of our patients radiologically. Parents' satisfaction of patients' condition was our criteria for determining the cosmetic results.
Complications were recorded and evaluated as intraoperative, post-operative early period (first week after surgery), and postoperative late period (later than 1 week after surgery). We also pointed out our ways of coping with these complications. The bone pathologies deemed necessary for cranioplasty after total resection are shown in Table I .
Preoperative management, Surgical Decision and Surgical Technique
Exposure of the cranial defect is the first surgical step as usual. It should be noted that skull region used as autograft has to be included in surgical working region. For this purpose, before the surgery, determination of certain localizations and size of skull pathology together with the adjacent healthy skull region chosen for cranioplasty is essential. From which side of the defect the graft material could be procured, the shape of the skin incision and the flap type could not be standardized for all settlements of calvarial defects. All of these surgical steps should be performed according to the pathology and specifically its settlement ( Figures 3A, B) . Thus, appropriate skin incision type and length have been chosen pursuant to our algorithm in all of our patients. According to the basic principles of our algorithm, we prefer to replace the optimal skin incision just behind the hairline for frontal bone localized small size lesions or defects specific to the forehead ( Figure  3C ).
For "8 cranioplasty" procedures, a linear skin incision is preferred generally in almost all cases except anterior frontal bone lesions as discussed before. The linear incision should be on the line that connects the centers of the calvarial pathologic zone and adjacent area ( Figure 3D ). This incision will provide adequate exposure for this procedure.
Subsequent to optimal exposure of the surgical field and total resection of the osseous lesion until solid and healthy bone tissue with smooth edges has been observed ( Figure 4A ), 
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good option depending on its thickness. Temporal bone is not a good alternative source for autografts because of its thin structure. Incision over the temporal muscle and disruption of vascularization may eventually cause muscular atrophy and thus, poor cosmetic results may occur.
Splitting of autologous calvarial bone ( Figure 6A ) is performed with an oscillating saw ( Figures 6B; 7A , B). This device can be thought as one of the best or only option for achieving two similar bone pieces in almost every cases ( Figure 6C ) that will be used for "8 cranioplasty" ( Figure 6D ). Splitting of small size calvarial grafts of pediatric age group patients needs more attention and experience than adults. Due to the thin intertabular space, grafts can be broken into several pieces, have irregular shapes and thickness during this procedure. Asymmetric twin flaps will cause poor cosmetic results. Therefore, splitting of the craniotomised bone either with oscillating saw ( Figure 7A , B) or No. 20 blade (Figures 7 C-F) should follow the direction from the edge to the center ( Figure  7E ). As a recently defined surgical practice, using a No. 20 blade may be dangerous for the surgeon. To avoid potential hazards, both the handle of the blade and the calvarial graft must properly be in contact with firm ground ( Figure 7D ).
The final surgical step is the reconstruction of the 8-shaped defective zone ( Figure 8A ), after removing the pathological zone and craniotomising an adjacent intact bone with similar creating a pattern of the calvarial defect to be repaired is the next surgical step ( Figure 4B ). For this purpose, the defective empty region is filled with semi-solid formable stuff such as bone-wax. After boundaries of the model become clear, it is relocated to the solid skull region over the calvarium where cranitomy will be performed and the margin of this model is marked above the skull to create a similar pattern ( Figure 4C ). After craniotomy following the marked borders, an "8" shape calvarial cavity is created ( Figure 4D ).
The choice of craniotomy side to obtain the autograft is crucial. We refer to this region as the "craniotomy side" in our article. There is no standard decision for this event. It varies according to the settlement and the size of the defect. Vascularization of the skin flap, compatibility of thickness and concavity of the calvarial bone graft for splitting and replacing are major determining factors in the choice of craniotomy side. For this purpose, and to define the anatomic site of the calvarial defect to simplify our surgical plan and make our algorithm understandable; we separated frontal, parietal and occipital bones into three surgical regions and these regions were also divided into three subregions (Table II and Figure  5A -C). In the cause of reconstruction of the calvarial defects of each settlement, craniotomy sides were determined and shown separately and specifically (Figures 5A-C). For temporal bone defects, we recommend to obtain autograft from the parietal bone. Parietal bone could be thought as a 
Skull Bone Regions-Subregions
Frontal Anterior 1/3 Lateral (f3) Center (f2) Medial (f1) Middle 1/3 Lateral (f6) Center (f5) Medial(f4) Posterior 1/3 Lateral (f9) Center (f8) Medial (f7) Parietal Anterior 1/3 Lateral (p3) Center (p2) Medial (p1) Middle 1/3 Lateral (p6) Center (p5) Medial (p4) Posterior 1/3 Lateral (p9) Center (p8) Medial (p7) Occipital Anterior 1/2 Lateral (o3) Center (o2) Medial (o1) ------- Posterior 1/2 Lateral (o6) Center (o5) Medial (o4)
A B C D
the bone graft got divided into two pieces vertically throughout the suture line after craniotomy in one patient. These two pieces split separately and then inner tables and outer tables were connected among themselves. Afterward, the procedure continued in its standard way. In one of the patients, sterile wound discharge occurred in the early postoperative period (3 days later surgery) and daily wound care with local drainage was performed and the discharge gradually decreased without any medical treatment. One patient developed a skin flap infection 48 hours after the surgery and was treated in
█ RESUlTS
Each patient was evaluated during surgery, the postoperative early period (first week after surgery) and the late post-operative period (later than 1 week after surgery). The postoperative follow-up period ranged from 16 to 49 months. Mean length of hospital stay of our patients was 28 hours (16 hours to 145 hours). No mortality and no bone resorption occurred in our patients. A second surgical procedure was not required for any patient. During surgery, 
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grafts had almost the same radioopacity with the nearby calvarial bone (Figures 9 A-D) . The border between the grafts and adjacent bone tissue with which the grafts combined disappeared in all of the patients. Except for 4 patients, all the grafts were rigid in their settled place 6 months after the operation. In postoperative 12 th month, the rest of the grafts about 2 weeks with systemic antibiotic therapy. In the late postoperative period, no recurrent infection of this patient developed and no primary infection was observed in any other patient. Cosmetic and constructional results were evaluated 6 months after surgery. In all patients who had undergone radiological imaging, radiographically bone density of the 
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widening size of pathology. Concavity, curvature, thickness, neighborhood with superficial vascular structures such as sagittal, transverse sinuses of donor calvarial bone are major determinant features about whether "8 cranioplasty" will be performed or not. In the event that one of these features is incompatible, the place where the symmetry of the defective site in the other side of the skull is chosen as donor site or other type of graft materials could be used. When there is an intact calvarial bone tissue between sites where cranioplasty has been performed, we do not use the term "8 cranioplasty".
Three-dimensional CT images and multi-axial 2 dimensional CT images were also valuable and useful for the purpose of choosing the proper graft side of the calvarial defect during the preoperative preparation period. Principally, on radiological examination, it should be considered that the curvature and concavity of the graft should be compatible with the defective zone. According to our study and the newly determined algorithm, each region and compatibility of these regions with each other in their specific locations in terms of their curving pattern were noted and examined radiologically. When the concavity or curving pattern of each cranial bone (frontal ( Figure 10B , C), parietal ( Figure 10B -E), occipital (Figure 10 B-E)) were analyzed separately from the others radiologically, it could be realized that almost any region of cranium is compatible with the surrounding bone in its own cranial bone limits. For providing the optimum alignment and natural appearance after grafting postoperatively, we simplified and generalized the grafting sides as 2, 5, 7 and 10 o'clock sides of defective zone except for the exceptions. In general, we proposed the grafting sides from a line that cut the cranium that is angled 45 degrees with the horizontal plane anteriorly ( Figure 10 A-E).
In situations where larger cranial defects have to be repaired by autologous split calvarial bone, the preferred donor site of the calvarium is usually the opposite site of the defect symmetrically. The shape of the craniotomised site or harvest area is approximately the mirror image of the region that requires cranioplasty where the sagittal suture is chosen as the midline between these two regions (1). Splitthickness cranial bone grafts can also be used to replace numerous smaller fractures fragments in addition to calvarial pathologies. Despite all these advantages, a longer skin incision, especially bicoronal incision, and larger operative became stable. Patient satisfaction were assessed by their rating over five points with a mean satisfaction score of 4.36 (5 patients 3 points, 13 patients 4 points and 18 patients 5 points). In the determination of the patients' or parents' satisfaction, when scoring, they were asked to take into account the patients' adaptation to social life after surgery, occurrence and duration of postoperative symptoms and their cosmetic acclaim. Also we generated an objective scale and scoring system that should be assessed by physicians for the purpose of the determination of both the graft rigidity and cosmetic results together (Table III) . According to our scale, 3 out of 36 patients got 3 points, 6 out of 36 got 4 points and 27 out of 36 got 5 points at the end of the first year. No scalp deformity or calvarial graft mobility was found in our patients.
█ DISCUSSION
In the selection of appropriate material for the purpose of restoring the calvarial defect, the age of the patient is the most decisive criteria. In situations where the calvarial bone adjacent to defective zone is intact and the patient is in the pediatric age group, an autologous bone graft should be the first option (9, 14) .
Previously craniectomised bone flaps, split calvarium bone or rib grafts are autologous cranioplasty alternatives for repairing calvarial defects (19) . For the purpose of repairing calvarial defects in children due to continuing skull enlargement in this patient age group, in the choice of graft material, predominance of autologous bone grafts compared to allograft ones is due to their biologic coherency and morphologic conformity.
In the absence of a suitable craniectomised flap or bank calvarial bone, or when the shape of the original defect has changed drastically, the best option is the utilisation of split calvarium or rib grafts (8, 9, (12) (13) (14) 20) . The term "8 cranioplasty" is used in our article for describing the calvarial defects repaired by upturned or directly placed inner table of the adjacent splitted bone horizontally. "8 cranioplasty" could be accepted as subtype of autologous split bone graft technique performed for small size defects. Although "8 cranioplasty" is a feasible and practicable technique, it also has disadvantages for repairing extensive and large cranial defects. Constructional similarity between the defective calvarial site and donor site is impaired in proportion to the 
Physical examination and inspection findings Point
With palpation, no calvarial graft mobility. No scalp deformity on inspection 5
With palpation, minimal calvarial irregularity but no scalp deformity 4
Minimal depression/elevation in operation field when looking closer, no calvarial graft mobility +/-scalp deformity suggesting construct failure or insufficiency 3
Evident depression/elevation in operation field when looking from a distance, presence of calvarial graft mobility +/-scalp deformity suggesting construct failure or insufficiency 2
Presence of scar tissue +/-, an open wound +/-depression or elevation on scalp 1 calvarial transplants (3, 5, 7, 10, 16) . Thus, fresh autologous bone is considered as the best suitable material for reconstruction of cranial defects in view of its anatomofunctional fusion of the graft with the adjacent bone as well as the possibility of partial or total revitalization of the graft itself (1,2).
In our technique, we determined the adjacent craniotomised site of the calvarial defect on a imaginary line that intersects the horizontal axis at an angle of 135 degrees. According to this, both the center of the defect and the donor site should be on this line. In contrast, a line that intersects the horizontal axis at an angle of 45 degrees angle could be another option. Each calvarial bone has its own concavity and when these bones, i.e. the frontal, parietal and occipital bones, are divided into 3 or 2 equal subregions, it is practically indicated that each subregion could be the donor side of the others in same bone.
As we described in the details in our technique, a linear skin incision is preferred in almost every case. In some cases, according to the pathology and etiology, and especially in patients with traumatic head injury, skin defects may be observed (Figures 11 A-D) . These conditions may be in a very wide range from full-thickness incisions to abrasions. According to the neighborhood between the settlement of the calvarial defect and traumatic skin incision, it is recommended that the surgical incision should cover the previously formed skin defect for cosmetic results, wound healing and arterial supply of the skin flap. In patients with traumatic head injury and skin laceration ( Figure 11A) , the surgical skin incision should include the skin laceration for good cosmetic results and vascularization of skin flap ( Figure 11B ), and the shape of skin incision may differ based on the size and location of the defective region.
field can be distinguished as disadvantages of this technique. For these reasons, the donor site of the region that needs to be restored should be chosen from the adjacent calvarial region if possible. Considering the size and location of the defect; "8 cranioplasty" should be preferred as the first surgical option. On the other hand, alternative techniques may be regarded instead of "8 cranioplasty" in defects that do not allow covering by surrounding split bone structure. Preoperative radiological evaluation of the defect for determining the surgical strategy may also be helpful.
Unlike other neurosurgical procedures for any pathology, cosmetic results are important as much as clinical outcomes for "8 cranioplasty". Most of the patients usually have cosmetic complaints and almost all of them have no neurologic deficit. For these reasons, as the initial step of this procedure, the skin incision type, length, location are determinant features of the cosmetic outcome. Thus, the care in making the skin incision should be the same as removing the pathology and repairing the defective zone.
As we have demonstrated in our study, calvarial defects may not be seen exactly in regions that we illustrated nor should they be of the same size with these regions (Figures 5A-C) .
Our aim here is to show that each one of these three bones has a slope peculiar to itself by creating a main principle in the surgeon's mind, and taking into account the curvature or curving pattern of cranial bones for the purpose of choosing the proper graft region. Regardless of the location of the defect, we believe our illustration provides a guideline in the determination of the region for graft material.
No studies discussing the calvarial bone grafting technique have reported any complication about resorption and loss of 
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dura, periosteum and bone flap because of their high potential of inducing the organic matrix of the bone graft to transform its pluripotential osteoprogenitory cells into osteoblasts and chondroblasts. Although in split-bone technique, bone integrity is discomposed artificially, splitting the calvarial graft into two symmetric segments consisting of similar layers is essential. As we demonstrated in our patients' follow-up radiological assessments, having all the histological layer of the grafts despite corrupted integrity resulted in high affinity with adjacent bone (Figure 12 ).
Contour fitting of split autologous bone graft is below constructional expectations during surgery and early postoperative period. Losing bone tissue from the circumference of the bone graft during craniotomy prevents fitting of bone graft to the defective zone completely. Initially, this situation gives rise to worse osseo-integration. As a result of insufficient osteoconduction, the stability of the autologous bone graft could not be at the desired level. In pediatric patients, due to enhanced ability to integrate with the growing skull, contours of the grafts both among themselves and the solid bone tissue gradually approach each other and maintain the calvarial bone integrity in post operative late periods (9, 14) .
Additionally, wound infection, cerebrospinal fluid (CSF) fistula and leptomeningeal cyst occurred in a patient who was excluded from our study because "8 cranioplasty" was not performed. Due to the size of a defective region caused by an epidermoid cyst that was almost 2.5 cm 2 , reconstruction was not performed. Here in this case, it may be concluded that the any calvarial defect independent of its size should be repaired.
In children, the scalp is more flexible and mobile than adults. Neurosurgeon can take advantage of these features to minimalize the skin incision and skin flap for good cosmetic results. Due to the excess of elastic connective tissue and loose connection of periosteum with bone and skin, this situation provides a large surgical working area with short skin exposure.
Not only the clinical importance of the autologous implants biological adaptation to defective calvarial zone also the reshaping and integration with the enlarging skull assigns them the material of choice for skull reconstruction. In children, incorporation of the bone flap is thought to occur by a combination of osteoconduction and osteoinduction. Regardless of the type of autologous material, surgical attention should be focused on protecting the integrity and configuration of the 
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Inoue et al. pointed out that cranioplasty with split-thickness calvarial bone is not possible in younger patients (11) . In their report, the patients were between the ages 7 and 9. Due to the under developed diploe and insufficient thickness, they did not split the calvarium in patients under 7 years old. In contrast to this argument, we performed our technique in much younger patients (28 months). Correct and proper usage of no 10 blade in younger patients would allow splitting thinner calvarium. When splitting the graft in this method, the wrists of the surgeon and bone graft should be on table to avoid possible injury as discussed previously ( Figure 7D ).
In addition, according to advances in technology, electronic devices such as bone-cusas could find a place in splitting the calvaria of younger patients. In contrast to our splitting technique, use of these devices is expensive and increases the total duration of this procedure.
█ CONClUSION "8 cranioplasty" should be considered as the first surgical option for the reconstruction of small size and non-complicated calvarial defects. In addition to being an effective, relatively inexpensive and short-term procedure, it is also a safe surgical technique with low complication and no mortality rate. Besides all of these advantages, the use of a blade for splitting the intact calvarial segment allows this cranioplasty technique to be implemented on much younger children. Eventually, our algorithm specifically created for this cranioplasty type, guides the neurosurgeon in surgical planning and is therefore practicable and purposive. 
